The geographic distribution and areas of high sylvatic plague activity in California were verified by using coyotes {Canis latrans) as sentinel animals. Antibody levels against Yersinia pestis were tested using the enzymelabelled antibody (ELA) test and the microtiter passive hemagglutination and hemagglutination inhibition. A survey using the ELA test indicated that the overall antibody prevalence among 143 coyotes was 21%. By geographic regions, the highest antibody prevalence was 27% among coyotes from mountain areas on the northern and eastern borders of the state. 
cent rodent die-offs had occurred. This resulted in the closure of several campgrounds in the state to prevent further human exposure while insecticide programs were carried out (1) .
In 1972 a human case of bubonic plague in Arizona (contracted by a young man while skinning a bobcat) prompted a state-wide serologic survey of predators (6, 7) . Coyotes were considered to be a good indicator species of plague activity since they and other carnivores seldom die from the disease but produce antibodies against Y. pestis and recover from the infection. Furthermore, since coyotes eat sick and dying rodents, the testing of a single coyote can be the equivalent of serotesting several hundred rodents (6) .
However, such epidemiologic investigations using the passive hemagglutination (PHA) test are costly (8) . This and other factors, such as difficulty of obtaining the antigen, nonspecific agglutination, heterophil reactions, and lack of standardization between laboratories, contribute to problems with thorough epidemiologic studies of sylvatic plague in all but federally operated laboratories.
The purpose of the present study was to adapt enzyme immunoassay techniques to test serum for epidemiologic studies of plague. Serotesting coyotes as sentinels for the geographic distribution of plague and to identify foci of Y. pestis infection was also investigated.
MATERIALS AND METHODS
Blood samples were collected from 143 coyotes in 13 counties in California. The sera were collected by personnel in the US Fish and Wildlife Service from May 1976 to March 1977. The location, sex and approximate age (young, adult or old) of the coyotes were recorded and the sera were kept frozen until tested. Personnel who collected samples usually ranged within a 50-mile (80 km) radius of their headquarters location (figure 1).
The plague antigen originated from the Center for Disease Control (CDC), Fort Collins, Colorado. Methods for preparation for the fraction 1 (Fl) antigen have been described by Chen and Meyer (9) .
The enzyme-labelled antibody (ELA) test used was essentially that developed at the Los Alamos Scientific Laboratory for the detection and surveillance of animal diseases and at the National Disease Laboratory for hog cholera and pseudorabies (10) (11) (12) (13) (14) . The Fl antigen (at 1:200 dilution in this case) was coupled to the microtiter plate using 0.05 M carbonate-bicarbonate buffer pH 9.6 (15). The serum (1:20) diluent and wash solution was 0.1 M phosphate-buffered saline pH 7.6 with 0.05 per cent Tween 80. Commercial anti-canine immunoglobulin (rabbit) conjugated with horseradish peroxidase was used for the enzyme source. The substrate and indicator solution consisted of 0.05 M citrate buffer pH 4 containing hydrogen peroxide and 2-2 azino-di-(3-ethyl-benzthiazoline sulfonic acid) (ABTS). The enzyme reaction was stopped with 0.1 M hydrofluoric acid pH 3.3 (14) . The visible green reaction proportional to the amount of antibody present in the test sera was read by visual observation and by adsorbance at 414 nm on a digital spectrophotometer equipped with a vacuum operated microcuvette (11) .
Interpretation of the ELA test results involved identifying positive reactions both visually and by using spectrophotometric values (11) . A weak positive, strong positive and negative sample were selected and used as ELA test controls on each microtiter plate. The adsorbance value of the test sera (S) was divided by the adsorbance value of the negative control serum (N). Such S/N ratios of 1.5 to 2.2 were considered to be weak positives and S/N values of 2.3 or above were considered strong positives (14) .
The microtiter PHA and hemagglutina- tion-inhibition (HI) tests were done on 40 coyote sera as outlined by CDC and described by Higa et al. (16) . The serum was titrated from 1:2 to 1:4096 and the agglutinating reaction was recorded on a scale of 0 to 4+. Sera at dilutions ^1:16 were considered positive if there was an agglutination reaction >2 + . If the HI titer was below the PHA titer by less than three dilutions the test was considered nonspecific.
RESULTS
Of the 143 coyotes tested by the ELA test, 30 (21 per cent) had serologic evidence of previous exposure to Y. pestis (table 1) . Of the positive reactors, 24 (17 per cent) were in the weakly positive range and six (4 per cent) were in the strongly positive range. The highest S/N ratio was 3.5 from a coyote in Kern County.
Of the 140 coyotes tested for which the sex was stated, the antibody prevalence was higher (24 per cent) among males than among females (18 per cent); however, the difference was not significant (p > .20, table 2). The antibody prevalence was the same (22 per cent) for both old and adult coyotes. Of 11 coyote pups tested, two (18 per cent) were seropositive. Since the coyotes were only a few months old, this indicated recent plague activity in Siskiyou and El Dorado Counties.
The highest antibody prevalence occurred in the mountain areas along the northern and eastern borders of the state where 19 (27 per cent) of 70 coyotes tested were seropositive. Nineteen per cent of 32 Another coyote from San Bernardino County had a titer of 512.
Thirty-two serum samples were tested by both the PHA and the ELA tests. Nine (28 per cent) of the samples were positive by the ELA test and six (24 per cent) were positive by the PHA. There was 76 per cent concordance between the two tests (table 4). Evaluation of the apparent correlation is complicated by the nonspecific reactors indicated by the HI test and possible differences in sensitivities between the ELA and PHA tests.
DISCUSSION
It is well known that sylvatic plague has alternating periods of high and low activity (17) . Yersinia pestis may remain dormant or latent in reservoir hosts, then become evident in an explosive manner due to changes in climatic or rodent population factors. Often the first hint of plague activity is the diagnosis of a human case or the observation of an unusual number of dead or sick rodents (18) (19) (20) .
Coyotes and other carnivores can be valuable sentinels in the detection of Y. pestis (19) . This can further be attested to by the approximately 6000 carnivore (including dog) sera tested yearly at CDC as part of their collaborative surveillance program with state and federal agencies (8) . Recognizing years of high plague activity or the geographic areas of infected populations can enable control operations to be implemented. For instance, in the Arizona study the prevalence of seropositive coyotes in one county climbed from 28 per cent in 1974 to 85 per cent in 1976, thus making the public health officials aware of an increased potential hazard (7) .
Similarly, in a study where 1556 dogs were tested by the PHA test, evidence of plague infection was found in 21.6 per cent of the dogs collected from known plague areas (21) . By comparison, over 99.9 per cent of the dogs from areas con- sidered to be free of plague were seronegative. The testing of canine sera was therefore considered to be one of the most expeditious methods for detecting foci of plague.
Dogs and cats that were experimentally infected with Y. pestis showed an abrupt appearance of complement-fixing (CF) antibodies and PHA antibodies by the eighth day. Both the CF and PHA antibodies reached a peak between days 8 and 21. However, while the agglutinating antibodies were maintained at detectable levels through at least 315 days, the CF antibodies declined to undetectable levels by day 200 (22) . This variation between classes of antibodies demonstrates the need for further evaluation of the ELA test values in comparison to current testing procedures before the ELA test can be adopted as a routine operational tool.
The present study confirms that the plague organism is widely distributed in California (18) . Not only did the findings match up with the sources of human cases of plague, but other areas of potential plague outbreaks were identified.
The ELA test appears to be a promising tool not only for epidemiologic studies but could also be used for surveillance of cats and dogs implicated in human exposure. The cost per test could probably be decreased by using a less purified antigen than the Fl. For instance, the vaccine could probably be used as a crude antigen for the initial screening of sera and high dilutions of Fl antigen could be used for titration of the positive samples. Furthermore, the ELA test for plague could be automated for mass screening techniques (12) .
The significance of antibody levels in coyotes needs further investigation. While a highly reactive serum probably indicates a recent or heavy exposure, lower antibody levels may indicate past or less severe exposure. The duration (persistence) and titer of antibodies, as well as the range of coyotes, need further study to pinpoint more closely the time and place of high risk of exposure to plague.
